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MEDICAL ELECTRICAL LEAD AND REINFORCED SILICONE 
ELASTO^UER COMPOSITIONS USED THEREIN 
BACKOROUNti OF THE INVENTION 

The present ijavtntion is directed to reinforced jwlysiiootane elastomer 
compositions of improved mechanical properties. More specifically ir* present 
invention is directed to reinforced polysdoxane elastomer compositions which have 
improved creep resistance, improved compression set and improved crush resistance 
and arc eminently suitable for use as insulators for leads of implantable medical 
device*, particularly cardiac pacemakers. 

2. Brief Description of foe Prior Art 

Polysiloxane elastornor cgraposhions have fcecn known in the art for a long 
time. Many polysiloxane elastomer compositions of the prior art contain a silica 
reinforcer that has been treated to make it compatible with the generally hydrophobic 
polysiloxane matrix of the elastomer. Prior art pertaining to polysiloxane materials 
can be found in United Sines Patent Nos.. 3,341 ,490, 3J>84,406, 3,457,214, 
3.996.187, 3,996,189. 4,615,702, 5,236,970 and la Eurupcao Patent application No. 
0H0537 filed oo October 13. 1983 

SiJicone elastomer rubber tubing that contains silica reinforcing material has 
been extensively used as insulator on electrical leads, particularly on leads of 
implantable medical devices, perhaps most Importantly from the standpoint of the 
present lnvc*iUon> on leads of cardiac pacemakers. An early version of the 
reinforced elastomer used, as insulators on implantable devices, primarily pacemakers, 
was known in the trade as Dow Corning MDX4-45I6. A later version was known as 
Dow Coming HP (high performance) material. The early version (MDX4^516) 
consisted of silica reinforced polydimethyUttoxane which included approximately 
0.142 mol per cent methylvirryteiloxane ((CH))(CH^CH)S)-0] units. The end 
blocking (terminal) units of this early version of the polymer were, 
di methyl vinyjslloxane units ((CH 3 >3(CH 3 «CH)Si-0]. Based on the pre sencc of 
approximately 0.142 mol percent of mcthylvinylsiloxane units in this prior art 
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polymer, it can be calculated that approximately 750 dimethylsiloxane [{CH^SiO} 
units are disposed on the average between each "pendant" vinyl group in the ] 
polysiloxane chain. The vinyl groups in the polymer participate in a cross-linkjag 
reaction which occurs in the final curing step when th$ polymer is formed into jq 
desired shape, such as a single or multi-hirnen tubular object. The curing or ccoss- 
linking step was initiated by addition of a peroxide catalyst or catalysts. The filler 
material of this earlier version was silica that had been treated with dimethytsjibxane 
oligomer. 

The later, high performance version of the prior art silicone elastomer (Dow 
Coming HP) used as leads in implantable medical devices, primarily pacemakers, 
consisted of a blend of a first (major) and'a second (minor) polysiloxane composition 
The fust and major composition comprised approximately SO - 90 per cent (by 
weight) of the Wend, and this composition contained no pendant vinyl or other 
pendant olcfinic groups. The second and minor composition comprised the balance 
of the blend (twfora reinforcing treated silica was odded), and hod approximately 2 
mol percent owthylvinykiloxane [(CH 3 XCH,<!H)Si-0} units ajid was also 
terminated with dimethylvlnyisUoxane ((CH 3 )i(CH^CH)SUO) units. The reinforcing 
materia] was silica that had been treated with a reagent that introduced trimethyJsily I 
groups into the material, thereby replacing OH runctionj with OSi(CH,) 3 functions 
and rendering the treated silica compatible with the "hydrophobic" silicone polymer. 
The curing or cross-Unking step was initiated by addition of a platinum catalyst- or 
catalysis. 

As it will be readily appreciated by those skilled in the art, certain mee&nical 
properties, such as tear strength, abrasion resistance, resistance to shredding, 
compression set, crush and creep resistance arc of great importance in the materials 
for electrical leads in any device that is implanted into the human body, and 
particularly so for insulators of cardiac pacemakers. It should also be readily 
appreciated by those skilled in the art that improved mechanical properties, and; 
particularly improved compiession set, creep and crush resistance allow the 
manufacture of insulated electrical leads 6f smaller dimensions a/id therefore 
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facilitates "downsizing" of the implantable device. Whereas the later versioa (Dow 
Corning HP).of the above-summarized prior art silicone elastomers bad certaih 
improved mechanical properties (for ejcaiopl* improved tear strength) relative To the 
earlier MDX4-45I6 version, it was theft surprising to the artisans in the field {hat this 
otherwise improved material had lew crush resistance than the earlier MDX4;45J 6 
material. Therefore, up to the present invention the prior art struggled with the 
problem thai neither of the two types of silicone elastorneric materials available for 
forming insulitors for cardiac pacemaker and similir implantable leads had optimal 
characteristics. As noted above, the earlier version could have used imp* ovemant io 
several mechanical properties, and tha later version h»d improved mechanical- 
properties in virtually all aspects, but had less crush resistance than the earlier version. 

In light of the foregoing, up to 1h't present invention the need still existed in 
the prior art for * potysitpxanc elastomer material which is suitable for use 05 insulator 
for leads of implantable electrical devices, particularly cardiac pacemakers, and which 
has improved overall mechanical properties, including improved compression set, and 
improved crush and creep resistance. The present invention provides such a material. 
SUMMARY OF THE INVENTION 

It is an object of the present invenuoo to provide a silicone elastomer material 
which is suitable for forming insulation for electrical leads of implantable medical 
device^ and which has improved overall mechanical properties. 

It is another object of the present invention to provide Insulating single-lumen 
or muhMumen tabular material for electrical leads of implantable medical devices, 
especially cardiac pacemakers, which material has improved overall mechanical 
properties, including improved com pre won set, and improved crush resistance. 

The foregoing and other objccU of the present invention arc attained t>y an 
elastomer composition that, before a cress-linking step of final curing, essentially 
consists of the following rnatetials: 

approximately 21 to 45 percent by weight of silica that had been sily^ated by 
treatment; 
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the balance of the composition being a polyailo^e copolymer compost of 
divaJent -R.R^iO, diva» COI . Wi0 . and moncvaknt (terminal. Cr end , bIoeklflg) 
RjR^RjSIO- units, 

where R, and R, independently are lower a |kyl of I lo 6 carbons, phenyl or 
trifluoropropyl, 

R 3 is vinyl, ally!, or other olcfmic group haviog up to 4 carbons. R, is lower 
aikyl of 1 to 6 carbons, phenyl or txifluoropiopyl, and 

Rj. Rj. and R, independamly arc lower aJkyl of 1 to 6 carbons, phenyl, vinyl, 
al'lyl, or other olefinic group having up lo 4 carbons. 

The abovc-described polystfoxanc copolymer has a degree of polymerization 
CD. P.) approximately in the range of 3500 to 6500. and (he olefin containing - 
R,R<SiO- groups are randomly distributed m the copolymer and are present 
approximately in the 0.05 to 0.3 mot percent «n g c. The balance of the polya.'Wwu, 
copolymer composition is made up of the above noted divalent .R.RjSiO- siloxane 
15 units, and of the end-blockiag R^R^iO- units. However, to the extent R, . or R 2 . 

or both may represent phanyl groups, the proportion of the phwyl-coniaining divalent 
siloxane units does no; exceed 1 5 mol per «nt. To the extent R, ot R 2 represents 
irifluoropropyl group,, the proportion of the rrifluoropropyl-conuining divalent 
Siloxane units does not exceed approximately 40 mol per cent in the polysiloxanc 
20 copolymer of the invention. In such situations in the balance of the -R,R,SiO 

siloxane units the substituenls arc neither phenyl, nor irifluoropropyl substituted, 
respectively. 

Those skilled in the an will readily understand tbat the proportion of the end- 
blocking R 3 R^R,SiO- units,, as expressed in mol percentage, is determined by the 
25 degree of polymerization; when the degree of polymerization is 5000. the end 

blocking gfoups are present as 2/5000 mot per cent. 

The above-described composition undergoes a cross-linking or "final caring- 
step after a platinum catalyst, an «B«iohydrogcn polysiloxanc cros.vlMker and a 
suitable inhibitor ore added. The composition that exhibits the desired improved 
mechanicil^hysical properties Is a result of the cros*-linking or final Curint . rc3clion . 
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In the cured composition covalently linked intcrmolecuiar and umarnolcculac 
othylenic (CH r CHr) bridges arc formed from some of the olefin groups of the 
polysitoxane copolymer, fThe improved mechanical/physical properties inclujde high 
tear, abrasion creep and c(ush resistance, and improved compression set. The cured 
silicone material is resistant to crack initiation under compressive loading. The 

i 

objects consisting of the cjompg*iti<7n of the present invention, Juch as the single or 
multilumen tubes that are u$ed as insulators for leads of cardiac pacemakers (or of 
other implantable medical devices) can be formed by means known in the art, such ns 
extrusion or molding. The final curing aiep occurs when the composition has already 
been formed into substantially the desired shape. 

The features of the present invention can be best understood together with 
further otyects and advantages by reference to the following description, taken in 
connection with the accorrrpanying drawing, 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. J is a plan vijtw of a medical electrical lead system suitable for 
endocardial stimulation by an implantable heart pacemaker. 

FIG. la is a cms-sectional view of a lead assembly portion of the lead system 
of FIG. I. 

FIG. 2 is a schematic showing of an extrusion line for manufacturing thin 
walled medical tubing of silicone elastomer. 

The drawings arc hot necessarily to scale. 

DETAILED DESCRIPTION OF THE INVENTION 

Reinforced efastomeric compositions arts provided in accordance with( the 

present invention which ajftet curing by cross-linking axe suitable for use as iosulaiors 

for electrical leads, and particularly as insulators for medical electrical leads/ 

especially cardiac pacemaker leads. 

. I . 
In a preferred embodiment of the present invention, a medical electrioal lead 

which features a reinforced felastomcric composition comprises an electrode at a 

distal end thereof, a connj&cior at a proximal end thereof and an elongated electrical 

conductor extending beween the electrode and the connector, the conductor in 
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electrical contact with the electrode at a distil end and in electrical contact with the 
connector at a proximal end^ the conductor comprised of a plurality of wires or wire 
bundles wound in t multifilar coil .configuration. 

Referring now to the drawings, FIG. 1 shows a lead system 10 which includes 
a lead assembly 15, an anchoring sleeve 20, a connector 25, a stylet guide 30, and n 
stiffening stylet 35. As is weN known ia the art. once implanted stylet guide 30. and a 
Stiffening stylet 35 are removed from lead. 

Referring now to FIG. la, the lead assembly 15 is shown in greater detail with 
an electrode structure 40 at a distal end of the lead assembly 15, a tine 45 to secure the 
lead assembly 15 to the endocardium, a lead conductor 50 in a multifilar coil 
configuration which allows the stiffening stylet 35 to oe inserted into the lead , 
•sjembty IS in the internal lumen 52 of the lead conductor 50. The lead conductor 50 
is shown attached at its distal end 55 to the electrode stmcture 40. The lead conductor 
50 is also similarly attached at a proximal end (not shown) to the connector 25. In the 
preferred embodiment conductor 50 is a multifilar coil. Insulation elements 57a, 57b 
end 57c insulate portions of the electrode structure 40 and ihe lead conductor SO. Such 
insulation elements 57a, 57b, and 57c art preferably made from airy of the reinforced 
polysiloxana elastomer compositions already described above. The insulator 57i is 
typically a hollow polymeric lube extending between the proximal and distal ends of 
the lead assembly ] 5 and insulating the lead conductor 50 from surrounding txxjy 
tissues. Housed within insulator at the distal end is a monolithic conlroUed device 99 
to elutc an anti-inflammatory agent, as is well known in the art. While a unipolar lead 
is shown, and described above, the present invention can also b<? applied 10 bipolar 
leads in the same manner. As used in implantable pacing leads, the individual wires of 
the lead conductor 50 would, be typically about 0.004 to 0.010 in diameter and would 
be wound Into extremely small coih; typically having a diameter ofiess than 23; (urn. 

Turning now to the elastomcric composition of the present invention, before 
final curing or crosvlLnkiogj includes a poiyiitoxanc copolymer that has the following 
composition and characteristics. The polysiioxane copolymer has a degree of 

polymerization of approximately 3500 lo*500, wiih a D. V of approximately 5000 
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being prefwred. Those skjWed in the art will readily understand that the actual extent 
or degree of polymerization of * pglysiloxane product is very difficult, if not ; 
impossible, to measure. Therefore, the ^degree of polymer i^ion 1 ' normally vised in 
the art to characterize a pojysiloxane product is usually based cm theoretical ; 
5 considerations and measurements which measure a physical characteristic (stxjh as 

plasticity) that is related to D. P. Therefore, in accordance with usual practice in the 
art the designated degree of polymerization of a polysiloxane material is thai vVhich 
would be normally expected based on the materials and conditions u*sd in the- 
polymerization reaction and on measurements of certain characteristics, such its 
jO plasticity. 

The polysiloxine copolymer includes divalent -R,R,SlO- and divalent - 
RjR^SiO units where the K { and R 2 groups independently are lower alkyl of 1 10 6 
carboos. phenyl or trifluorbpropyl Preferably, the and R, groups both ard methyl. 
Therefore in (he preferred embodiment of the composition of the invention the - 
15 RjRjSiO unit represents dimelhylsiloxane [(CH^SiO). 

K y is vinyl, ally), ox. other olefink group having up to 4 carbons, and R4 is 
lower alkyl of I to 6 carbons, phenyl or trifluoropropyl. Preferably the R 3 group is 
vinyl and the R« group is methyl. Therefore in the preferred embodiment of tfic 
composition of the invention tbe -R^SJO groups represents methylvinylsildxane 
20 (CH)(CH 2 "CH)SiO]. The presence of the vinyl (or oiher olcfinic group designated 

Ky) is important fcr the present invention because these "pendant" vinyl (all other 
olcfinic) groups enable the cross-linking reaction which occurs during finil ojrin£, 
and whioh is described Uter. Tlw -R^SK)- groups* or more preferably the * 
methytvinylsiloxdne groups, arc present in the range of approximately 0,05 tci 0.3 mo! 
25 percent, preferably approximately 0.142 mol per cent. Except for the cnd-btocktng 

groups described below. the balance of the polysiloxane copolymer consists of the - 
R^SiCK preferably diraelhylsiloxanc> groups which thus form the backbone or bdk 
of the poly siloxanc chains , 

The nature of the fcnd-blocking or terminol groups R>R«R T SiO- is less critical 
30 from the standpoint of the present invention than in the prior art. The R*, R^.|and R, 
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groups independently we lower alkyl of I to 6 carbons, phenyl, vinyl, ally!, or other 
oleflnic group having up to 4 carbons, it is noteworthy, thai unlike in (he prior in the 
end-blocking group does not need to necessarily include a vinyl or other olefinic 
group, although in the preferred embodiment the end blocking group is i 
dimeihyivinylsiloxane .[(CHjX(CH»CH 2 )Si01- The proportion (expressed in rrtol 
percent) of the end-blocking groups rcIatJve to the entire polysijoxane copolymer is 
determined by the degree of polymerization of the substanc*. With a preferred !>. P, 
of 5000, the mol percent of the end blocking groups is 2/5000. Because the ran£e of 
D. P* of the polysiloxarte copolymer is approximately 

3500 to 6500 in accordance with the invention, the mol percentage of the end < 
blocking groups is in th* range of approximately 2/6500 to 2/3500 (approximate^ 
0.0003 1 to 0.0006 mol percent). 

It follows from the foregoing data that the mol percentage of the -R,R 2 SjO-. 
preferably dimethylsiloxanc, groups in accordance with the invention groups I 
(calculated to two decimal points) is in the range of approximately 99.7 to $9,9:5 mol 
percent. However when the R, or R ? symbols, or both, represent phenyl groiips 
ih*n the proportion of the pnenyl-containing divalent siLoxane units docs not exceed 
15 mol per cent, the balance of the -R,R 2 S10- groups do not include a phenyl group, 
A similar restriction of approximately 40 mol per cent applies when the R,R 3 SiQ- 
group includes trifluoropTopyl. 

The above described composition of the polysiloxane copolymer is novel and 
surprising especially in terms of the mechanical properties achieved. This is bic*U5c, 
as is noted in the description of the prior art. the prior art lvfDX<M5 1 6 copolymer 
having "pendant** vinyl groups lacked somewhat in mechanical properties suchtis tear 
resistance. The other prior -art HP product which had pendant vinyl groups onl j in a 
minor component of two bfcendtd copolymers, had improved tear resistance buf 
decreased crush mistance. Therefore, it is surprising} that the present composition 
that includes pendant vinyi groups in the single and therefore major rnacrornolccvlar 
component of the elastomer, ha$ increased compression set, and improved cree£, 
crush and abrasion resistance. ) 
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Another major component of the elastomeric composition of the preset 
invention U jilytiated silica thai acts as a rcioforcor in the composition. BJen&ng 
silyliated "fiimcd silica" into a polyslloxaue copolymer as a "reinfort^r" and to 
improve jts mechanical properties, j?er it is not new in the art. In accordance/ with the 
present invention the fumjc silica used as » rcinforcer is treated with a rcagamthat 
introduces trialkytsily! groups (aLkyl has I to 6 carbon^ preferably 1 10 2) io>the 
surface of the silica so th^t a plurality of OH Amotions on the surface become* 
0(lriallcyIsiIyl} functions] Preferably, trimethylsilyl groups are introduced inlo the 
silica used in the composition of the present invention. The silica used in the present 
invention has a relatively ismall surface area, as this term is understood in thc;&rt, 

T 

nevertheless the surface rtrea should be at least approximately 200 meterVgrafrt of the 
yet not silyliaicd silica. Trie silyliation, preferably introduction of truncthylsllyl 
groups, can be accomplished before the silica is admixed or blended with the 
pctysiloxonc copolymer (jhat has been described above. Alternatively, the sity Nation 
of the silica may be perfumed as part of the blending process of the copolymer with 
iht silica. In the preparation of the preferred embodiment of the elastomer of the 
present invention the latter procedure is preferred. In any event, the decree of 
silyliation is normally measured in ihe art by expressing the carboa content of the 
silyliated silica. (As is known, ihecarboo content can be readily determined- 
analytically, for cxampiejby combustion analysis.) In accordance with the present 
invention the carbon conUnt of the trimethyl silyl groups containing silica «Hodd be 
in the range of approximately 4 to 8 per cent by weight of the silyliaicd silica; and 
preferably approximate^ 7.3 per cent by weight. The amount of treated 
(trimcthylsilyliated) silicjauscd in the composition is in the range of approximately 23 
io 45 per cent by weight [of the composition, with approximately 39 per ccnljby 
weight being preferred. 

The elastomeric composition which is the result of blending treated silica and 
the above-described polvsiloxane copolymer together is not cross linJccd (not yet 
cured or vulcanized) and therefore does not yet have the desired physic a l/m^chaxiical 
properties. Nevertheless this blend of composition (sometimes referred to as the 
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"base") itself is considered innovative and useful because it serves as a precursor to 
iho cured elastomer ihat has the advantageous mechanical propertJcs. Thas tJie 
uncurcd composition or base has the inherent characteristic* of providing, after 
suitable vulcanization by cross-linking, a rhatcrial that can be shaped to form tubular 
insulators for pacemaker leads, having excellent mechanical properties. 

Normally the final curing and vulcanization Step is performed only after the 
bJend or composition is shaped into the desired object (for example by extrusion or 
molding) and this step of fabrication and vulcanization is normally performed at 
location* different than where the manxifadure of the blend occuts. For these reason?, 
in accordance with standard practice in the art, the bleed composition or base is 
divided into two substantially equal weight and volume aliquols, designated "Pah A" 
and "Part 8". Suitable cataryst to catalyze the cross-linking reaction is added co one 
of the aliquot* (Part A), and a croas-Jiukinx agent and a cro3$*)inking inhibitor Is 
added to Part B- The two parts are kept and transposed separately and xit intimately 
mixed together just prior to fabrication of the desired object The amounts of 
catalyst, cross-linking agent and inhibitor art "fine tuned" in the preferred 
embodiment of the present invention to provide appropriate time for the fabrication of 
insulators for cardiac pacemaker leads and similar object >. 

As is kx>own in the art, tha eross-linking (curing or vulcanization step) is lhe 
result of a platinum catalyzed reaction between a silicon bonded "pendant" and/or 
terminal vinyl (or other oUfinic gtoup) and a lilicon bonded hydrogen group. The 
vinyl (or other oleflnlc) group is preseni in the polysiloxane composition even before 
it is divided Into Parts A and Parts B. The silicon bonded hydrogen group is present 
in the blend of the two parts because it is added to Part B in the form of a cross- 
Imklng agent. In the actual cross-linking reaction ethylenic (-CH- r CH r ) badges arc 
formed by saturating vinyl groups and linking one polymer molecule to a silicon atom 
of a cross-linking molecule, which is in turn Jinked by yet mother cihylcnic bridge 
(by saturating another vinyl group) to another polymer molecule. In essence the: 
chemical reaction, which is per st known in the art, involves saturation of a vinyl (or 
other unsaturated) group of an RjR^SiO unit and/or of a terminal R S R«R 7 S10 uriit 
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with the hydrogen derivedjfrom an at least difunctional orgarjohydror;«n poiytflo*ane 
and formation of carbon tq silicon bonds and thereby bridges between the several 
polysiloxanc molecules. 

More specifically, jhe platinum catalyst can be selected, within The skill of the 
an, primarily from orgftnoiplatlnum compounds, for example in accordance w*th 
United Slates Patent Nos. 2,323,218 and 3.159.601 which arc incorporated herein by 
reference. Trie platinum catalyst is added to Pan A in amounts of approximately 6 to 
30 jwts per million as platinum, with the result thai in the bJend of Part A and Part B 
which i$ to be vulcanized or cured the platinum is pttsmxi in the proportion ofj 
approximately 3 to 15 part per rnJltom per weight. 

Although, 04 noted above the platinum catalyst can be selected within Hoe skill 
of the an, in the preferred embodiment a platinum catalyst is used which is tht result 
of complying retrarnethyldivirryldisiloKanc with hexachloroptatinic acid 
pentabydrate, and this complex is added to Pan A in the proportion of iO to 24 pan 
per million (ppm) per weight as platinum, preferably 20 ppm. A number of tfross- 
Mnking agents are suitable for the practise of the present invention and cin be;selccicd 
by those familiar with thc;art. United States Patent No. 3.436,366 describe* ^ number 
of cross-linkiog agents and its specification is expressly incorporated herein tty 
reference. Thus, the liquid organohydrogtn polysiJoxane cross-linkers showri in 
Column 2 of the above noted Untied Slates Patent No, 3,436,366 and having the 
formula (R) A (H) b ?i0 2 .^ where R i$ simple lowex alkyl and "a" canges frocn 1 .00 to 
3, and 'V ranges from p.l to 1 .0 are particularly satisfactory for use in the prtsent 
invention. Especially witabJe i$ the cross-linker of Column 4, lines 3-14 pfrthc 366 
patent which has the formula R 2 HSiO J/7 when: the R groups are primarily or ' 
predominantly methyl- the cros*-Iinking agent is added to the second atiqudt (Part 
B) of the composition in |he proportioa of approximately 2 to 6 parts per hundred pcr 
wcighi of Part B. Consequently in the blend of Part A and Part 0 which is toibe 
vulcanized Of cured the cfcss-linking agent is present in the ratio of approximately I 
to 3 pans per hundrad per weight. 
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h is important in accordance with Ihe present invention that. after mixin g the 
aliquots (Parts A and B) the crow-finking reaction not proceed too rapidly a i room 
temperature, allowing ,t ^ a fcw hoUTJTOd even up to 6 • 8 hours for work time 
with the mixed aliquot!. Pot this rcasoo one or more suitable inhibitor, of the cross- 
linking reaction «re also added to the mixture. Preferably the inhibitor is added to the 
Part 8 aliquot. Suilable inhibitors may be readily selected within ihe skill of the art. 
One example or such an inhibitor is t.2,3,4.tetnunethyl-l r 2 r 3.4-irtravinyl 
cycloletrasiioxane. another .5 1-cmynyl-l-cyclohexenol. The cthynylcyclohexanol 
inhibitor is added to Part B in the range of approximately 0,01 to 0.2 parts per 
hundred parts of Part B, by weieht. Therefore it is present in the mixed aliquots t0 be 
cured or vulcanized In (be range of 0.005 to 0, 1 part per hundred, per weight, This 
inhibitor, being volatile, can be driven ofTby heat in a fiaal curing step, thus allowing 
the cross-linking rwciion to occur rapidly. Other lew-volatile or non-volatile, 
inhibitor* may be used instead, the amount of these would be adjusted such that the 
cross-linking reaction should nevertheless occur in the desired lime frame after Part A 
and Part 8 are mixed. 

Addition of catalyst, cross-linker and inhibitor in the above-noted ranges 
dually serves to provide approximately 6 - S hours of work time at room temperature. 
This means that the m*t«r|»l do*s not cure significantly at room temperature within 6 - 
8 hours. Before curing and cross-Unking Ihe two aliquots ore intimately mixed 
preferably in equal amounts. 

The process of manufacturing the cured reioforced polysiloxane objects, which 
can serve aa insulators for leads of cardiac pacemakers or other devices, starting with 
the preparation of the preferred embodiment of the polysiloxane copolymer, thus 
proceeds as follows. 

In a suitable reactor octamcthylcyvloteUasiloxatw (precursor to the -R^jSiO- 
groups of the copolymer) and Cetravinyltctramethylcyclotetrasiloxane (precursor to the 
-R,R«SiO groups of the copolymer) are mixed and heated until a temperature of 1 50 ' 
C is reached, and the mixture ii stirred at;Qut temperature for approximately 1 hour. 
Then the end blocker (precursor to ih. R^R^iO- unit, of the copolymer) ia added 


« 

j ■ '3 ' ; 

together with a catalyst. Tjhe end blocking 'eager* or material <^n be 
tetramethykliviny Wisiloxajnc. and the catalyst can be acid or base catalyst normally 
utilized in the art for siloxju* polymerisation ration., as i* Scribed for example ,n 
United States Patent No. i.779,987 (incorporated herein by reference. Preferably, 
however the end blc^ngjreagent is a product which results from the action 
(eq uiUt>raiion) of utr^cthyUJiviny Wisiloxone with octamethylcylcot c tr»silo 1 |^ 
uni, 5 . The cataly S t is preW>ly potassium siloxanoiate which p*r „ i , known tn the 
,„ After the end blocking reagent and the catalyst «e added, hating Is continued 
only for a short time, whereafter the calaly* b neutralized. In case of potash 
siloxanclatc the catalyst i| neutralized by introducing carbon dioxide into thewtxturc. 
Although « it w« noted Ltov. the degroe of poly*«izat,on/*r re is hard or 
impossible to measure. piUcUy is related to D. P. and can be measured rn the routine 
test known as A$TM 92* "Rubber Property-Plastics and Recovery (parallel plate 
method) The pdymcrizjfen reaction can thus be monitored by (Mate*. Atjtheend 
of the polymeria (corresponding lo a desired theoretical D P- of approximately 
5000) the plasticity shoulju be approximately 55, with a .«, c of 50 to 60 being 
acceptable. The just described polymerisation reaction provide* the oolysiloW 
copolymer component of! the elastomer of the present invention. 

The polymer is Objected to vacuum to remove volatile materia, and is 
thereafter m.xed with the! requisite amount of silica. As it was noted above, in the 
process pr.ferred for m*U the ***** of the present invention, the siUqa is 
^liatcd substantially faj the aamc proce* where it i. blended with the polype 
copo.ymer. Thus, in t^lprcW process silica having a 5W f*c< of at M 200 
m */|mn Is slowly blendfd under an inert m blanket iitfo *e polysiloxa** copolymer 
obtained above, together! with water and the silyliating agent bexamethyldisijazice 
((CH^Si-NWSitCHj, ]. The mixture u heated first under the blanket of inert gas. 
and thereafter in vacuum to remove volatile materials. The resuUin 5 silk. leinfarted 
polysHoxan* copolymer composition b sometime referred to as the W. ■ It is 0ms 
composition or base which is divided into the al.quots called Part A and Pari B. The 
cal3 | yt t. costing *U » D d inhibitor are added to Part A and Part B. rdspectivety 
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by intimate mixing, for example on □ two roll mill, followed by passing the mature 
through fin* stainless ateel hitsh screen.. Typical mesh me is generally in the range 
of 200 to 500. preferably approximately 400 me*h. 

Fabrication of objects from the two aliquot* ia accomplished by intimately 
mixing equal or jubsianlially equal volumes and weights of the aljquots and then 
shaping the mixture into the desired form, before the cross-linking or curing reaction 
is substantially completed. ; The cross-linking reaction can be accelerated by piking 
The sbaped object into a hot air vulcanising chamber where a volatile inhibiror Is 
driven off, thereby allowing the crosA-linking reaction to occur rapidly. 

Generally speaking, Parts A and B are mixed on a two roll mill which rirovides 
the blended base where Ihccuring is inhibited due to presence of the inhibitor. ; The 
blended base is then extruded through Standard extrusion techniques which atqptr se 
known in the art, and arc illustrated in the FIG. 2. Thus the mixed aliquots (blended 
Parts A and B) are placed into the extruder device 100, A typical tubing line also 
15 includes adic 120, a curing or vulcanizing oven 140, and a puller winder device 160 

on which the extruded tubing is taken up or coiled. The die 120 preferably includes 
an internal mandrel (not shown) as is well known in the art. To obtain precise 
dimensions such as may be necessary with small thin-wall medical tubing, a gear 
pump (not shown) may be used at the extruder discharge for stable throughput Gear 
20 pumps arc calibrated to forward precise metered amounts of polymer Their use in 

this manner is well known. After the tubing is formed by extrusion it is placed into a 
hot air vulcanizing chamber where the Volatile inhibitor (ethynylcyclohenano!) id 
driven ofT, thereby alkrwing the cross-linking reaction to proceed to yield the final 
product. The preferred method for mixing Pans A and B, before shaping the mixture 
25 into insulators for leads of implantable medical devices by extrusion is described in 

more rktail below as a specific example 

A creep evaluation test was performed on the preferred embodiment of the 
cured elojtotner composition of the present invention which has been shaped into the 
form of tubing, in accordance with ASTM D 2990 Standard Test Methods for : Tensile, 
30 Compression, and Rexuraf Creep and Creep Rupture of Plastics. For comparison the 
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same IcjU were also performed on the prior art materials discussed in ih* introductory 
section of this application, namely on MDX4-45 J 6 and on the HP material. The 
perccntoge of initial elongation upon loading was the highest for the prior art 
MDX4-4316 material (approximately 225 %) leas for the HP material (approximately 
1 50 %). and still leas for the preferred embodiment (approximate ly 1 10 %). percent 
elongation upon loading changed in time the most (the slope of the elongation versus 
time curve was the largest) with the HP material Jess with the MDX4-4516 rnaterial. 
and the least with the preferred embodiment of the present invention. 

Cmsh resistance testing was performed by dynamically compressing d\e 
silicone tubing under a defined consistent per cent compression relative to the cross- 
sectional width of the tubing. The cycles of the compression were measured fend 
recorded until tht tubing split AU tubings in these tests had the same inner qnd outer 
diameters and wall thickness. In these tests the prior art HP material split after 
approximately 500 cycles (least crush resistant), and the prior art MDX4-45l j6 
material split after 1500 cycles. The preferred embodiment of the invention iplit only 
after 2S00 cycles, which represent a 460 % increase over the HP material, and still a 
significant 86 6 % increaseover the MDX4-4516 material. 

SPF-flFlC EXAMPLE 

Preparation of Base Polymer 

in a J 50 gallon suitable mixer, mix octamethykycloletrasiJoxano (300 0 kg) 
and teioiratthyltc^vinylcyclotctriisiloatane (0.50 kg) and heat to 150 C with; agitation 
under a nitrogen blanket. Hold at 150 C for one boor. After one hour add p<c- 
equilibrated vinytdimcthyl-tenninated siloxane oligomer (4SQ,0 grams) as eid*blocker 
and 0.00 \ percent (by wight) of potassium siloxanolate catalyst (about 300'grams). 
Continue heating and Stirring until polymerization is completed, (about 3 m1n). After 
completion of tho polymerization the catalyst is then neutralized oc destroyed by 
bubbling COj through the polymer while continuing mixing. At this time ttie polymer 
is devohtilizod by puHihg a fall vacuum on the mixer. Continue the vacuunS for one 
hour white continuing to bubble C0 3 through the polymer. After one hour, fctop the 
vocuum, stop C0 2 flow, vent (he mixer with N 2 , acid allow to cool. 1 


wo WtOOJ 


PCT/IJS97/h]«M 


1<S 

Formulation of Base Including Silk* Rcinforcer 

In a 50 gallon. Sigma blade mixer, mix the above polymer (90.0 kg) wi |h 
hex«meth ) rldi5ilizane(8.06'lc S )a n d water (230 kg). Blanket Uic mixer with N^. Add 
adequate fumed «Hca to fill the mixer, Mix until the polymer and sil,« h„ mi«ed. 
5 Continv* in this manner umil the toul amount of silica has been added (57.6 kg). 

After the final silica addition has massed, bring the base to 50 C and hold at this 
temperature for 30 minutes After 30 minuter stop N, flow, turn bn vacuum td mixer, 
and begin heating to 1 80 C. Continue mixing for three hours after temperature 
reaches 180 C while maintaining full vacuum. After three hours, vent mixer with U 3 
10 and allow to cool. 

Preparation of Parts A and B 

The base is now divided into two equal parts. Or* of the two pans is now 
softened on a two roll mill. After softening, . platinum complex caialy,, i s a dded via 
two roll milling sveh that the resulting Part A conuun, 10-24 ppm platinum, typically 
20ppm. Using a screw type extruder, the Part A is passed through fine stainless steel 
mesh screens. Mesh size is generally 200-500, typically 400 mesh The second half 
of the base is similarly softened After softening, both cross-linker and inhibitor arc 
added Via two roll milling. The siloxane cross-linker, a copolymer consisting of both 
dimethyl and mcthylhydrogco monomer,, is added at 2 4 parts per hundred (pph) by 
weight, and typically 3.0 pph. Similarly the inhibitor, generally an acctylinic alcohol 
such as I -ethynyM -cyclohexanol. b added «t amounts up to 0. 12 pph : typi ca || \ „ 
0 08 pph. The resulting Part 8 is now screened in a similar manner as Part A. 
Combination of Parts A and B 

Ports A and B may then be combined and subjected to forming as already 
25 described above. • 

The Examples and disclosure areintended to be illustrative and not exhaustive. 
These example* and description will suggest many variations and alternatives to one 
of ordinary skill in this art! A )l the* alternative, and variations an intended to be 
included within the scope eff the attached claims. Those familiar with the art may 
30 recognize other equivalents to the specific embodiments described herein which are 
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also intended to b* wilhi 
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the scope of the in vention. Therefore, ihc scope of the 
present invention should lie jnterpfwed solely from the following claims, as s*;ch 
claims are read in light oFlhe disclosure. 
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WW AT IS CLAIMED IS: ; 

1 . An electrical lead comprising a conductor and an exttrior insulator 
covering at lease a portion of ihc conductor, the insulator consisting essentially of a 
cured elastomer composition obtained by cross-Unking an uncured blend 
Composition thai comprises an intimately admixed mixture that includes the following 
components: 

(]) silica that had bein silyliated by treatment and contains triaikylsiiyl ; 
groups.compfising approximately 23 to 4$ percent by weight of the mixture; • 

(I) a polysiloxane copolymer composed of divalent -R,RjSiO-. divalent - 
RjR«5iO-.and erid-blocklng RsR^SiO* onitfl> the polysiloxane copolymer 
comprising approximately 55 to 77 per cent by weight of the mixture; 

where R ( and independantly are lower alk/l of 1 to 6 carbons, phenyl or 
trifluoropropyl, R 3 i$ vinyl, allyl, or other oJefinic group haviug up to 4 carbons, R4 is 
lower atkyl of 1 to 6 carbon*, phenyl or trifluoropropyl. and R>, R<„ and R, 
independantiy arc lower alkyl of 1 to 6 carbons, phenyl, vinyl, ally! or other olefinie 
group having up to 4 carbons, 

(3) a catftlyil, and 

(4) a cross-linker, 

the catalyst and the cro^s-linkcr being presemin the uncured blend 
composition in sufficient amount to cause the cross-linking reaction to occur. 

2. A lead according to claim 1 wherein th<J cross linker is an 
organohydrogwi poJysUoxanc. 

3. A lead According to claim 1 wherein the polysiloxane copolymer has a 
degree of polymerization (D. P.) approximately in the range of 3500 to 6500. 

4 A lead according to claim 1 wherein R s > and R> independantly ore 
lower fllkyl of 1 to 6 carbons, phenyl, vinyl, ailyl, or other olefinic group having up to 
4 carbons and a double bond. 

S. A lead according to claim 1 wherein the olefin containing -K)R<i5iO« 
groups are present randomly distributed m the polysiloxane copolymer and 
approximately in the 0.05 to 0 3 mol percent range, with the provisos that when R, . 
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or R 3 , or both represent phenyl groups Oven proportion of the phenyl-containlng 
divalent siloxanc units does not exoced 1 5 mol per cent, and when R t or K 2 or both 
represent irifluoropropyl groups, then the proportion of the trifluoropropyt-ewuiaing 
divalent Biloxanc unto docs not exceed approximately 40 mol per cent in the 
polysiloxane copolymer. 

6. A lead according to Claim 1 wberuin in the poiysibwnc copolymer 
(he-R,R 7 SiO- froup is <CH 3 ) 2 SiO-. the -R 3 R«SiO- eroup is CH 3 (CH a -CH^SiO-, and 
the R 3 R 4 R,SiO- group is -(CH 3 >2(CH2-CH)SiO-. 

7. A lead according to Claim 6 where the -CH 3 (CH 2 -CH)SiO- group is 
present in the polysiloxrme copolymer in the proportion of 0.142 mol percent 

8. A lead according to Claim 1 where the siryliared silica include? 
rrimethylsilyi groups In such quantity that the carbon content of the silica is trt the 
range of approximately 4 10 8 per cent by weight. 

9. A lead according to Claim 8 whete the carbon content of the sUy tutted 
silica is approximately 7.3 per cent by weight. 

i 0. A Jead according to Claim I where the insulator is a tube separately 
formed into which the conductor is inserted. 

11. A lead according to claim 1 wherein the olefin containing -R 3 R 4 SiO- 
groups are present rsndonily distributed in the polysiloxane copolymer and 
approximately in th* 0.05 to 0J mol percent rmnge. 

12. A lead according co claim 2, wherein R L \ or R 3 , or both represent 

: phenyl groups and the proportion of the phenyl-eontaining divalent siloxane ^nits 
docs not exceed 1 5 mol per cent. 

13. A lead according to clatm J, wherein R, or R> or both represent 
trifluoropropyl groups and the the proportion of the trifluoropropyL-eontaiaintf 
divalent jiroxanc units docs not exceed approximately 40 mot per cent in the • 
polysiloxane copolymer. 
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J 4. A cured elastomer composition obtained by cross-linking an uncured 
blend composition that comprise* an intimately admixed mixture that includes the 
following components: 

(1) silica thai has be*n silyliated by treatment ond contains trialkylsily] 
groups.comprisme approximately 23 to 45 percent by weight of the mature; 

(2) a pojysiloxane copolymer composed of divalent -R,R 2 SiO- t divalent - 
R,R<SiO- and end-blocking RjrV^SiO- units, the polysiloxanc copolymer 
comprising approximately 5$ to 77 per <*nt by weight of the mixture; 

where R, and R 2 indcpctxUntly are lower alkyl of \ to 6 vnrbons, phenyl Or 
trifluoropropyl, Rj is vinyl, ailyl, or other olefmic group having up to 4 carbons. R< is 
lower alky] ofl to 6 carbons, phenyl or trifhioropropyl and R„ and R 7 
iridependantly are lower alkyl of J to 6 carbons, phenyl, vinyl allyl. or other olefinic 
group having up to 4 carbons, 

(3) B catalyst, and 
1* W a cross-Unker. 

the analyst and the cross- linker being present in the uncured blend 
composition in sufficient amount to cause the cross-linking reaction to occur. 

15. A cured elastomer composition according to claim 14 wherein the 
eross linker is an Offanohydrogcn polysiloxanc. 

!6. a cured elastomer composition acceding to claim 1 4 wherein the 
polysiloxw* copolymer has a degree of polymerization (O. P.) appropriately in the 
range of 3500 to 6500, 

17. A cured elastomer composition according lo claim 14 wherein R 5l R t , 
and R 7 independamly are lower alky] of 1 to 6 carbons, phenyl, vinyl, ally], or other 

Z3 olefinic group having up to 4 carbon* and a double bond. 

1 8, A cured elastomer composition according to claim 14 wherein ihe 
olefin containing -RjR«StOj> groups arc present randomly distributed in the 
poiysiloxBnc copolymer and approximately in the 0.05 to 0.3 mol percent range, with 
the provisos that when R, . or R 2 , or both represent phenyl groups then proportion of 

30 the ph<myl>cont3ining divajcru siloxunc units docs not exceed 13 mol per cent, and 
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when R| or R 3 or both represent lrifluoropropyl groups, then The proportion £f \hc 
rrifluofopfopyl-containiog divalent silpxane units docs not exceed approximately 40 
mo I per cent in the polysiloxane copolymer. 

19. A cored elastomer composition according to Claim ] 4 wherdin in the 
polysiloxane copolymer the -R,R 2 SiG- group is -(CHj^SiO-, the -RjR 4 SiO; group is 
.CH,(CHi*CH)SiO., and the R 3 R«R 7 SiO- group is -(CH, ) 2 (CH 2 K:H)SiG-.: 

20. A cured elastomer composition according to of Claim 1 9 where the - 
CH)(CH 2 lll CH)SjOT group is present in the polysiloxane copolymer in the proportion 
of 0.142 mol percent. 

21. A cured elastomer composition according to Claim 14 where the 
silyliatcd silica includes irimethyisilyl groups in such quantity that the carbon content 
of the silica is in the range of approximately 4 to 8 per cent by weight 

22. A cured elastomer composition according lo Claim 2 i wherd the 
carbon content of the silyliatcd Siltta is approximately 7.3 per cent by weight 

23. A cured elastomer composition according to claim 1 4 wherein the 
olefin containing -R^SiO- groups art present randomly distributed in the 
polysiloxane copolymer and approximately in the 0.05 to 0.3 rnol percent ratige. 

24. A cured elastomer composition according to claim )4, whefein R, , 
or Rj , or both Tepresem phenyl groups and the proportion of the phenyl -containing 
divalent siloxanc units does not exceed 1 5 mot per cent. 

25. A cured elastomer composition according to claim 1 4, wherein R t or 
R 2 or both represent trifluoropropyl groups and the the proportion of th« 
ttlfluoirtJWpyl-coTJtaimng divalent siloxane units does not exceed approximately 40 
mol per cent in the polyriloxana copolymer. 

26. An uncured elastomer blend composition suitable for curing by cross 
linking, the composition comprising two aliquot* in combination: 

the fust aliquot comprising an intimately admixed mixture of the following 
components: 

i 

(1) silica that has been silyliated by treatment and contains trialkylsijyl 

i 

groups,compri$ing approximately 23 to 45 percent by weight of the mixture: 
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(2) » polyiiioxane Jopolymcr composed of divalent -R,R : SiO-, divaleat - 
RjR^SiO^ and erid-blocking RjR<R 7 SiO- uniu, the polysiloxanc copolymer ; 
comprising approximately pS to 77 per ctot by weight of the mixture; 

where R, and uidcpcodanUy are lower alkyl of 1 to 6 carbons, phenyl or 
trifluoropropyl, R 3 is vinyl' ally I, or other oleflnic group having up to 4 carbons, R 4 
lower alkyl of 1 to 6 cartafts, phenyl or triflvio/opropyh »nd R„ ft^ and R, 
independantly are lower alkyl of 1 to 6 carbons, phenyl, vinyl, allyl, or other ofcfiok 
group having up to 4 carbohs, and ! 

(3) a catalyst, 

the second aliquor compruing an intimately admixed mixture 0 r the following 
component: ' 

(7) approximately 23 w 45 percent by weight of silica that had been si jyliated 
by treatment and contains frialkylsilyl groups; 

a) approximately 55 to 77 per cent by weight of a polysiloxanc copolymer 
composed of divafem -R,R 7 S10-, divalent -R^SiO- and cnd-b!ocXing R,M,SiO- 
units, 

where R, and R : tadependantfy are lower alkyl of t to 6 carbons, phenyl or 
trifluoropropyi, R 3 is vinyl, aliyl. or other olefinic group having up to 4 carbons, R« is 
lower alkyl of 1 to 6 c*rbons, phenyl or trifluoropropyl and R 4 . R«, and R 7 
independantly are lower alkyl of I to 6 carbons, phenyl, vinyl, ally!, or other o (clinic 
group having up to 4 carbqns, and ;' 

(3) a cross-link;er, 

the catalyst and the cross-linker being present in the first and second ajiquots 
respectively in sufficient aimounts to cause the cro^-linking reaction to occur after the 
first and second aliquots ate intimately mixed. ■ 

27. An uncured elastomer blend composition according to claim 2$ 
wherein the cross linker is an orgooohydrogen polysiloxane. : 

28. An uncurtd elastomer blend composiiion according to claim 2p 
wherein the poiysiloxanc Copolymer of at least one aliquot has a degree of [ 
polymcrteation (D. P.) approximately in the range of 3 500 lo 6500. 


WO 98/10*53 


pCT/usrwiisoj 


10 


15 


23 

29. An uncured elastomer Wend composition acceding to claim 26 
wherein in at l*t one aliquot R,. R«. and R t indcpendantly we lower ftlkyl of I to 6 
cwbons, phenyl, vioyl. allyl, or other olefinic gtoup having up to 4 croons trU « 
double bond. 

30. Anoncured elastomer blend composition according to daim 26 
wherein in -t least one aloqoot the olefin containing -R>R«SiO- groups are preSeW 
randomly distributed in the polyriloxane copolymer and approximately in the 0.05 to 
0.3 mol percent range, with the provisos that whon R, . or R 2 . or both represent 
phenyl groups then proportion of the phenyl-containing divalent siloxane units does 
not exceed 15 mol percent, and whenR, OrRj or both represent trifluoropropyl 
groups, then the proportion of the trifluoropropyUconuinbs divalent siloxane units 
does not exceed approximately 40 mol per cent in the polysiloxarte copolymer. 

31. An uocured elastomer blend composition according ro Claim 26 where 
in the polyjiloxane copolymer of at least one aliquot the -R,R,S'iO- group is - 
(CH^SiO. the .R,R<$iO- group is -CH,<CH,-CH)SiO-, and the R,R,R,SiO. group 
is -(GH 3 ),CCH,-CH)Si<>-. 

32. An uncured elastomer blend composition according to of Claim 3 1 
where in said at least one aliquot the -CH,(CH,=CH)SiO- group is present in the 
polystloxane copolymer to the proportion of 0.142 mol percent. 

■)■). An uncwed elastomer blend composition according to Claim 26 where 
th* silyltwed suica includes trtmethylrilyl groups in »uch o,uan<ity that th* carbon 
content of the silica is in the range of approximately 4 to 8 per cent by weight. 

34. An uncured elastomer blend composition according to CUim:J3 where 
in at least one aloquot the carbon content of the silyliated silica is approximately 7.3 
25 per cent by weight. 

35 An uncured elastomer Weftd composition according to claim 1 4 where 
in *t least one aliquot the olefin eonlatning -R^SiO- groups are present randomly 
distributed in the polysiioxir* copolymer and approximately in the 0.05 to 0.) mol 
percent Ttingc. • 
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36. An uncured : tlastomcr W«nd composition according to claim 26, 
where in at least one aliquot R, . or K 2 , or both represent phenyl groups and the 
proportion of th« phenyl -containing dfvalcnt si loxanc units dots iwt exceed ISmul 
per cent. 

3?. An uncured elastomer blend composition according to claim 26, where 
in at least one aliquot R, or R 2 or both represent trifluoropropyl group* and the the 
proportion of the IrifluoropropyJ-rconUiiiwng divalent siloxjane units does not exceed 
approximately 40 moi per cent in the polysiloxanc copolymer. 

38. The uncured elastomer Wend composition of wry of claims 26-37 
wherein the second aliquot funhcr comprises t volatile inhibitor in such quantity that 
the cross-linking reaction occurs rapidly after intimately mixing the first and second 
aliquot* and substantially removing the inhibitor by heat. 
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